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Abstract 

Background: Primary neplirotic syndrome (NS) is a common disease in cliildren. Lipid neplirotoxicity and cellular 
immune dysfunction are known features of this disease. Recently, CXCL16 was found to participate in inflammation 
and mediate cellular uptake of lipids. Here, we investigated the involvement of CXCL16 in the occurrence and 
development of primary NS. 

Methods: Serum CXCL16, blood lipids and albumin, 24-hour urine protein, interferon-y and immune cells were 
detected in 25 children with steroid sensitive NS during their active nephrotic and remissive stages. Twenty healthy 
children served as the control group. 

Results: Levels of serum CXCL16, blood lipids, interferon-y and CXCR6+ T cells were significantly increased and 
albumin and NK cell number were significantly decreased in the active status group compared with remissive status 
and control groups. Correlation analysis showed that serum CXCL16 was positively correlated with blood lipids, 
24-hour urine protein, interferon-y and CXCR6+ T cells but negatively correlated with albumin in patients with 
active NS. 

Conclusion: Serum CXCL16 was increased in patients with active NS and correlated with blood lipids, urine protein 
and immune and inflammation responses, suggesting that CXCL16 may serve as a useful index or biomarker for 
disease activity in children with nephrotic syndrome. 

Virtual slides: The virtual slide(s) for this article can be found here: http://www.diagnosticpathology.diagnomx.eu/ 
vs/1 12046841 11 54766. 

Keywords: Nephrotic syndrome, CXCL16, Proteinuria, Cellular immunity 



Introduction 

Nephrotic syndrome (NS) is a nonspecific disorder of 
the l<idney stemming either directly from kidney disease 
(primary NS) or indirectly via conditions in other parts 
of the body affecting the kidney (secondary NS) [1,2]. 
NS is characterized primarily by high proteinuria (>3 g/dL), 
hypoalbuminemia and edema resulting from damage to the 
glomerular filtration membrane, causing the kidney to 
leak large amounts of plasma protein from the blood 
into the urine. This trait is typically accompanied by 
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dyslipidemia with elevated plasma cholesterol and tri- 
glycerides. In vitro studies have demonstrated that the 
major components of lipids, such as low-density lipopro- 
tein (LDL), oxidized LDL (oxLDL) and very low-density 
lipoprotein, could directly stimulate mesangial cells to 
proliferate and secrete inflammatory factors, including 
IL-6, TGF-|3, MCF-1, connective tissue growth factor and 
PDGF. In addition, LDL and oxLDL could promote the 
activation of renal immune cells, subsequently upre- 
gulating NF-kB activity and hastening the release of 
inflammatory factors [3]. Therefore, kidney inflammation 
may be the result of a hyperlipidemia-induced influx of 
inflammatory mediators. However, the mechanism of 
lipid deposition in the kidney, the initial step for the 
development of primary NS, is largely unknown. 
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Chemokines are a class of small secreted proteins 
involved in inflammation and the immune response. The 
chemokine superfamily consists of nearly 50 chemokines 
and 20 chemokine receptors [4], and the interaction of 
chemokines and their receptors is a key mediator of in- 
flammation and arteriosclerosis. C-X-C motif chemokine 
ligand 16 (CXCL16), first described by Matloubian [5] 
and Wilbanks [6], exists in transmembrane-bound and 
soluble forms. Transmembrane-bound CXCL16 acts as 
both a cell surface adhesion molecule and a novel scavenger 
receptor. Furthermore, transmembrane-bound CXCL16 
may be released to its soluble form upon digestion by a 
disintegrin and metalloproteinase (ADAM) protein, specif- 
ically ADAMIO and ADAM17. Soluble CXCL16 can 
recruit activated immune cells that express CXCR6, 
the receptor of CXCL16 [7-9], and mediate immune 
response-related inflammation [10-12]. In recent years, 
CXCL16 was found to participate in the development 
of atherosclerosis. The major pathological feature of 
atherosclerosis is the formation of foam cells, derived 
from either macrophages or smooth muscle cells, and 
CXCL16 is expressed on the surface of macrophages, 
arterial smooth muscle cells and vascular endothelial 
cells. Transmembrane-bound CXCL16 can also combine 
with oxLDL and mediate the cellular uptake of lipids. 
Thus CXCL16 may be involved in the formation of foam 
cells. Taken together, the results of these studies imply 
that CXCL16 may, through the mediation of both lipid 
deposition and immune and inflammatory responses, 
be involved in the development of primary NS. However, 
the degree to which CXCL16 participates in the occur- 
rence of primary NS in children is largely unknown. 

This study aims to reveal the function of CXCL16 in 
the occurrence of childhood primary NS by monitoring 
levels of CXCL16 protein in the serum of children with 
primary NS and assessing any correlation with interferon- 
y (IFN-y), 24-hour urine protein, serum albumin and lipid 
metabolism. Through the data, we hope to establish a new 
theoretical basis by which to improve understanding and 
treatment of this disease. 

Materials and methods 

Subjects 

Of 50 children with primary nephrotic syndrome admitted 
in our department from January 2010 to June 2011, 25 
with complete data and off steroid treatment were 
retrospectively enrolled in this study. This group con- 
sisted of 16 males and nine females ranging in age from 
1.5 to 13 years (median = 5.0 years). 

Patients were tested during both active and remissive 
stages over the course of at least three months. Twenty 
age-matched healthy children from a local school or 
kindergarten were chosen as the healthy controls. This 
group consisted of 12 males and eight females ranging in 



age from 3 to 12 years (median = 6.5 years). We confirmed 
that these children were without current or past kidney 
disease, infectious disease or kidney-related family history. 
At the time of testing, no patient or control was taking 
any immunomodulating drug (e.g., cyclosporine A, cyclo- 
phosphamide, levamisole or MMF) which could affect the 
immunologic parameters studied. 

There was no significant difference in age or gender 
between the NS groups and control group (P > 0.05). This 
study was approved by the ethics committee of Provincial 
Hospital Affiliated to Shandong University, and written 
informed consent for participation was obtained from 
the parents of those who participated. 

Definitions 

Primary NS was defined by heavy proteinuria (urinary 
protein > 50 mg/kg/day), hypoalbuminemia [serum al- 
bumin < 2.5 g/dL] and hypercholesterolemia (serum 
cholesterol > 5.72 mmol/L), with or without edema. Initial 
treatment was comprised of 2 mg/kg/day (maximum 
60 mg/day) of prednisone given orally in three divided 
doses for four weeks followed by therapy on alternate 
days for another four weeks. The daily dose was then 
tapered down for 4-7 months and finally stopped. 

The active stage of NS was defined as increased urin- 
ary protein excretion (Albustix > 2+ for at least three 
consecutive days or>50 mg/kg/day) and serum albumin 
concentration of < 25 g/L. Remission was defined as serum 
albumin concentration of > 35 g/L and normal protein 
excretion (Albustix trace or negative for at least three 
consecutive days). "Steroid-sensitive" was defined as dis- 
appearance of proteinuria (negative for three consecutive 
days) following four weeks of prednisone treatment. 
Patients who still had proteinuria were considered to 
be steroid resistant. 

Measurement of blood lipids, albumin and urine protein 

Fasting levels of venous blood from each experimental 
group were collected, and blood lipids were analyzed. 
Serum albumin was measured using a bromocresol green 
assay, and total cholesterol, LDL cholesterol, triglyceride 
and 24-hour urine protein were measured on an AU5400 
automatic biochemical analyzer using a colorimetric assay. 

Enzyme-linked immunosorbent assays (ELISAs) 

Sandwich ELISA was used to detect serum CXCL16, 
IFN-y and oxLDL levels according to the manufacturer's 
instructions. Briefly, standard proteins and samples were 
diluted with standard diluent buffer, and 100 [il of stan- 
dards, controls and diluted samples was added to the 
appropriate microtiter wells. The wells were covered and 
incubated for two hours at room temperature. Biotin- 
conjugated detection antibody (100 i^l) (Life Technologies, 
CA, USA) was added into each well after washing with 
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PBS, and incubation was continued for one hour at room 
temperature followed by another PBS wash step. Anti- 
rabbit IgG-HRP (100 (il) was then added to each well, 
and then the wells were covered and allowed to incubate 
for another 30 minutes at room temperature. Following 
another wash step, stabilized chromogen (100 |il) was 
added to each well, and incubation was continued for 30 
minutes at room temperature in the dark. Lastly, stop 
solution was added to each well, and the absorbance of 
each well at 450 nm was recorded by a microtiter plate 
reader. A smooth standard curve was drawn according 
to standard protein OD values. Unknown sample protein 
concentrations were derived from this standard curve. 
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Figure 1 Serum CXCL16 increased in active nephrotic 
syndrome, p < 0.05(') vs Control; p < 0.05(*) vs Remissive NS. 



(0.34 ± 0.05 ng/ml) ( P < 0.05). These results suggested that 
serum CXCL16 is increased in patients with active NS. 



Isolation of mononuclear cells from peripheral blood 

Peripheral blood was diluted with PBS and then gently 
layered on top of FicoU-Paque Plus solution (GE Health- 
care Biosciences, PA, USA) followed by centrifugation for 
30 minutes at 1,600 rpm at room temperature. Peripheral 
blood mononuclear cells (PBMCs) were collected from 
the interface between the Ficoll-Paque layer and the 
diluted plasma layer and transferred into a new tube, 
centrifuged and washed twice with PBS. The cells were 
then resuspended in PBS and separated into aliquots 
for further analysis. 

Detection of the T cell subpopulation and NK cells with 
flow cytometry 

Viable mononuclear cells (1 x 10^) were suspended in 
400 pi of cold FACS solution per sample. Prediluted 
antibody mixture (100 |il) (BD company, NJ, USA) was 
added to all samples and mixed by pipetting. After 
incubating on ice for 45 minutes, the stained cells were 
centrifuged and resuspended in 150 pi of FACS fix 
solution prior to flow cytometric detection. 

Statistical analysis 

GraphPad Prism software (version 5) was used for data 
analysis. Measurement data was described as mean ± 
standard deviation. One-way analysis of variance was 
used to compare means among three groups, while the 
Newman-Keuls test was used to compare means between 
any two groups. The Spearman's two-tail test was used for 
correlation analysis. Significance was set at P < 0.05. 

Results 

Serum CXCL16 increased in active nephrotic syndrome 

We detected an increase in the levels of serum CXCL16 in 
patients with active NS relative to those with remissive NS 
and the control group. As shown in Figure 1, serum 
CXCL16 in patients with active NS was calculated to be 
0.40 ± 0.08 ng/ml, significantly higher than that of remis- 
sive NS patients (0.35 ± 0.05 ng/ml) and the control group 



Serum CXCL16 is positively correlated with the 
concentration of blood lipids in active NS patients 

Hyperlipidemia is an important pathophysiological char- 
acteristic of children with primary NS. We therefore 
assessed the correlation between serum CXCL16 and 
the concentration of blood lipids. The results shown in 
Table 1 suggested that the concentration of blood total 
cholesterol (CHOL), triglycerides (TG), low-density lipo- 
protein cholesterol (LDL-C) and oxLDL in the active NS 
group is significantly higher than that in the remissive NS 
and control groups (P < 0.01). There was no statistically 
significant difference in the concentration of blood lipids 
between the remissive NS and control groups, consistent 
with previous research. Correlation analysis revealed that 
serum CXCL16 is positively correlated with CHOL, TG, 
LDL-C and oxLDL, having correlation coefficients (r) of 
0.796, 0.646, 0.725 and 0.740, respectively, in the active 
NS group (P < 0.01). These results suggested that serum 
CXCL16 is positively correlated with the concentration of 
blood lipids in active NS patients. 

Serum CXCL16 is positively correlated with 24-hour urine 
protein but negatively correlated with albumin in active 
NS patients 

Leakage of protein from the blood into the urine is the 
major characterizing disorder of NS. We therefore assessed 
the correlation between serum CXCL16 and 24-hour 
urine protein and albumin. The results shown in Table 1 
demonstrated that 24-hour urine protein in the active 
NS group was positive, with a value of 3.27 ± 1.12 g, and 
24-hour urine protein in the remissive NS and control 
groups was negative. Albumin in the active NS group 
was significantly lower than that in the remissive NS 
and control groups (P < 0.01). There was no significant 
difference in 24-hour urine protein or albumin between 
the remissive NS and control groups (P > 0.05), consistent 
with previous research. Correlation analysis showed 
that 24-hour urine protein was positively correlated with 
CHOL, TG, LDL-C and oxLDL in active NS patients, 
having correlation coefficients of 0.514, 0.631, 0.516 and 
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Table 1 Blood lipid, albumin and 24-hour urine protein measurement (mean ± SD) 



Active NS 



Remissive NS 



Control 



CXCL16 


040 ± 0.08*' 


0.35 ± 0.06 


0.34 ± 0.05 


CHOL (mmol/L) 


10.65 ±3.99**" 


4.74 ± 1.31 


3.90 ±0.82 


TG (mmol/L) 


3.06 ± 1.15**" 


1 .23 ± 0.52 


1.01 ±0.40 


LDL-C (mmol/L) 


7.61 ±2.91**" 


3.01 ±0.85 


2.53 ± 0.66 


oxLDL (ng/dL) 


16.80 ±2.30**" 


13.88 ±2.95 


1 2.1 5 ± 1.44 


Albumin (^ig/dL) 


17.31 ±5.21**" 


43.00 ± 2.49 


44.08 ± 1 .06 


24-hour urine protein (g/24 h) 


3.27± 1.12 







p < 0.05('), p < 0.01 (") vs Control; p < 0.05{*), p < 0.01 (**) vs Remissive NS. 

0.641, respectively (P < 0.05). Serum CXCL16 was positively 
correlated with 24-hour urine protein but negatively corre- 
lated with albumin in active NS patients, having correlation 
coefficients of 0.736 and -0.628, respectively (P < 0.01). 

Serum CXCL16 is positively correlated with IFN-y in active 
NS patients 

Inflammation characterized by elevated inflammatory 
cytokines is common in NS. We therefore detected the 
pro-inflammatory protein IFN-y in serum. As shown in 
Figure 2A, IFN-y was significantly higher in the active 
NS group (90.12 ± 35.91 pg/ml) than in the remissive NS 
group (61.00 ± 30.97 pg/ml) and control group (61.00 ± 
34.19 pg/ml) (P < 0.05). Correlation analysis revealed 
serum IFN-y to be highly correlated with CHOL, TG, 
LDL-C, oxLDL, 24-hour urine protein and albumin in 
active NS patients, having correlation coefficients of 
0.806, 0.767, 0.783, 0.825, 0.739 and -0.683, respectively 
(P < 0.01). Serum IFN-y was also positively correlated 
with CXCL16 in active NS patients, having a correlation 
coefficient of 0.681 (P < 0.01, Figure 2B). 

Serum CXCL16 is positively correlated with CXCR6-1- T 
cells in active NS patients 

IFN-y is a proinflammatory cytokine produced by T cells 
and natural killer (NK) cells. We therefore detected 



alterations in the T cell subpopulation and NK cells in 
active NS patients. The results showed that the percentage 
of CD3+ T cells and CD4+ T cells in the active NS 
group (59.31 ± 5.02% and 26.52 ± 2.62%, respectively) was 
significantly decreased compared with the control group 
(68.85 ± 4.09% and 35.63 ± 3.74%, respectively) (P < 0.01). 
The percentage of CD3+ T cells and CD4-I- T cells in the 
remissive NS group was 71.90 ± 4.75% and 37.57 ± 3.76%, 
respectively, but there was no statistically significant differ- 
ence when compared with the control group (P > 0.05, 
Figure 3A and 3B). The percentage of CD8+ T cells in 
the active NS group (28.35 ± 3.90%) and the remissive 
NS group (28.17 ± 2.77%) was higher than that in the 
control group (25.67 ± 2.66%) (P < 0.05, Figure 3C). We 
also detected the percentage of CXCLI6-1- T cells in each 
group, and the results showed that CXCL16+ T cells 
were significantly increased in the active NS group 
(9.36 ± 2.22%) compared with the remissive NS group 
(5.10 ±1.53%) and control group (4.39 ±1.76%) (P<0.01, 
Figure 3D). Correlation analysis showed that serum 
CXCL16 was highly correlated with the number of 
CXCR6+ T cells (r = 0.681, P < 0.01, Figure 3E). To our 
surprise, the percentage of NK cells in the active NS group 
(5.68 ± 1.69%) and the remissive NS group (11.15 ± 3.66%) 
was significantly decreased compared with the control 
group (17.74 ± 5.91%) (P < 0.01, Figure 3F). 
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Figure 2 Serum CXCL16 is positively correlated with IFN-y in active NS patients. (A) Serum IFN-y level in different groups. (B) Correlation 
analysis between serum CXCL16 and IFN-y in active NS patients. p<0.05(') vs Control; p < 0.05(*) vs Remissive NS. 
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Figure 3 Serum CXCL16 is positively correlated with CXCR6+ T cells in active NS patients. (A) The percentage of CD3+ T cells in different 

groups. (B) The percentage of CD4+ T cells in different groups. (C) The percentage of CD8+ T cells in different groups. (D) The percentage of 
CXCR6+ T cells in different groups. (E) Correlation analysis between serum CXCL15 and CXCR6+ T cells in active NS patients. (F) The percentage 
of NK cells in different groups, p < 0.05('), p < 0.01 (") vs Control; p < 0.05(*), p < 0.01 (**) vs Remissive NS. 



Discussion 

Hyperlipidemia is an important pathophysiological change 
in children with primary NS. In 1982, Moorhead et al. 
proposed the theory of lipid nephrotoxicity resulting 
from abnormalities of lipid metabolism in chronic kidney 
disease [3]. The results of many clinical and animal 
models strongly support this hypothesis [13-16]. Lee 
et al. found foam cells, lipid deposits and oxLDL in 
renal biopsies of focal segmental glomerulosclerosis 
(FSGS) [17]. Proteinuria and FSGS in rats with puromycin 
nephropathy were shown to worsen with cholesterol 
intake [18], and Joles et al. found that podocytes were 
an early target of kidney injury in animals on a high-fat 
diet [19]. Therefore, hyperlipidemia and lipid depos- 
ition in the kidney are very important risk factors for 
glomerulosclerosis. 



This study indicates that the levels of blood total chol- 
esterol, triglycerides, LDL-C and oxLDL in the active 
NS group were significantly higher than those in the 
remissive NS and normal control groups, implying 
metabolic disorder of blood lipids during NS activity. 
Lipids can stimulate interactions between mesangial 
cells and monocytes and induce monocytes to secrete 
large amounts of inflammatory cytokines, such as IL- 
6, PDGF-1 and TGPpi [3]. The IL-ip has been shown 
to induce the expression of scavenger receptors, in- 
crease cholesterol levels in vascular smooth muscle cells, 
mesangial cells and macrophages, interfere with feedback 
regulation of LDL receptors leading to continuous uptake 
of LDL, and promote the formation of foam cells [20,21]. 
oxLDL is a major contributor to foam cell formation and 
may also cause injury to endothelial cells and promote 
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the proliferation of vascular smooth muscle cells during 
the development of atherosclerosis. oxLDL is a powerful 
chemokine of macrophages and T lymphocytes that can 
recruit circulating monocytes through direct or indirect 
induction of chemokine and adhesion molecule production 
in smooth muscle cells, mesangial cells and/or endothelial 
cells [22,23]. In addition, in vitro assays identified certain 
cytotoxic side effects of oxLDL, including apoptosis of 
podocytes [23]. In this study, correlation analysis showed 
that levels of blood total cholesterol, triglycerides, LDL-C 
and oxLDL were positively correlated with 24-hour 
urine protein in the active NS group, suggesting that 
dyslipidemia may be involved in the occurrence of NS. 
However, reports of the participation of oxLDL in the 
occurrence of primary NS in children are rare. 

In this study, we showed a significant increase in the 
levels of serum IFN-y in children with active simple-type 
NS relative to the remissive NS and normal control groups. 
Furthermore, serum IFN-y in the active NS group was 
positively correlated with 24-hour urine protein and 
negatively correlated with plasma albumin. These results 
indicate that IFN-y may be involved in the pathogenesis of 
idiopathic NS and associated with NS activity. Notably, 
serum IFN-y in children with active NS was also positively 
correlated with levels of blood total cholesterol, tri- 
glycerides, LDL-C and oxLDL, indicating that IFN-y 
may be involved in NS dyslipidemia and promote lesion 
inflammation. 

Reports of CXCL16 in the development of inflammation 
in kidney disease are few. While screening for potential 
biomarkers of lupus nephritis, Tianfu Wu et al. [16] 
discovered CXCL16 protein in the urine of mice with 
spontaneous lupus nephritis. Notably, the presence of 
CXCL16 correlated with the period of disease activity. 
In addition, increased CXCL16 was found in the urine 
of patients with lupus nephritis and was significantly 
associated with urinary protein levels as well as activity 
index and score of systemic lupus erythematosus. Xia 
Y et al. [24] found that CXCL16 knockout mice were 
protected from angiotensin Il-induced renal dysfunction, 
proteinuria, and fibrosis, and proved that CXCL16 plays 
a pivotal role in the pathogenesis of hypertensive kidney 
injury and fibrosis through regulation of macrophage 
and T cell infiltration and bone marrow-derived fibro- 
blast accumulation. However, few studies have focused 
on the association of CXCL16 alteration in children 
with primary NS. 

Schramme et al. not only found that CXCL16 was 
expressed in human mesangial cells (hMCs), but also 
confirmed that a mixture of cytokines (IFN-y, TNF-a 
and IL-ip) could further increase the expression of 
CXCL16 [25]. Through the stimulation of cultured human 
podocytes in vitro using IFN-y, TNF-a and angiotensin II, 
Gutwein et al. found that IFN-y and TNF-a could increase 



the expression of podocyte transmembrane and soluble 
CXCL16, while angiotensin II stimulation had no effect on 
CXCL16 expression [26]. Wagsater et al. investigated the 
effect of IFN-y, TNF-a, IL-12 and other cytokines on the 
expression of CXCL16 [10]. Their results indicated that 
IFN-y was the strongest stimulating factor for CXCL16 
expression, up-regulating levels of CXCL16 mRNA as well 
as transmembrane and soluble forms of the protein. Our 
study showed that both serum CXCL16 and IFN-y in 
the active NS group were significandy increased. Further- 
more, correlation analysis revealed a positive correlation 
between levels of serum CXCL16 and IFN-y, suggesting 
that increased IFN-y in active simple-type NS may be a 
stimulus for elevated serum CXCL16. However, the exact 
mechanism of this activity requires further study. 

Shalhoub showed that circulating lymphatic factors could 
result in damage to the glomerular basement membrane 
and thereby proposed that NS might be associated with 
T-cell immune abnormalities [27]. Schramme et al. found 
that acute tubular injury was associated with increased 
CXCL16 in renal transplant urine and related to increased 
CXCL16 in the distal tubule and collecting duct [28]. 
Currendy, CXCR6 is the only known receptor of CXCL16. 
CXCR6 is primarily expressed in naive CD8+ T cells, 
activated CD4+ T cells, activated CD8+ T cells, NK cells 
and polymorphonuclear neutrophils [6,29]. Chemotaxis 
assays indicated that only cells with high expression of 
CXCR6 could respond to CXCL16 [30]. Using a rat 
nephritis model with anti-glomerular basement membrane 
antibody, Garcia et al. found that CXCL16 was expressed 
in glomerular endothelial cells and regulated macrophage 
adhesion [13]. During acute inflammation, blockage of 
CXCL16 significantly inhibited monocyte/macrophage 
infiltration and reduced glomerular damage and protein- 
uria; therefore, CXCL16 and CXCR6 may play an important 
role in the migration of T cells [5]. It is suggested that 
T cell migration into inflammatory lesions is mediated 
by the specific interaction of CXCL16 and CXCR6. Previ- 
ous studies confirmed that CXCR6 and secreted soluble 
CXCL16 might be responsible for inducing chemotactic 
migration of proinflammatory cells into arthritic joints 
and sites of liver inflammation [31-34]. However, there 
are few reports regarding CXCR6 induction of chemo- 
tactic migration of inflammatory cells in renal lesions 
of childhood NS. 

Our results showed that the ratio of peripheral blood 
CD3+, CD4+, CD4+ 8+ and NK (CD16+ 56+) T cells was 
significantly lower in the active NS group than in the 
remissive NS and normal control groups. Furthermore, 
active NS group CD8+ T cells were significantly higher 
in number than in the control group, suggesting that the 
ratio between T lymphocyte subsets was unbalanced 
during primary NS activity, consistent with the reported 
literature. However, CD8+ T cells were still more numerous 
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in the remissive group than in the normal control group, 
and NK (CD 16+ 56+) T cells in the remissive group were 
fewer in number than in the control group. Peripheral 
blood CXCR6+ T cell numbers in the active NS group were 
signiiicantly higher than in the remissive NS and normal 
control groups, while peripheral blood CXCR6+ T cell 
numbers in the remissive NS group were no different 
than the normal control group. Moreover, correlation 
analysis revealed that the levels of serum CXCL16 in 
the active NS group were positively correlation with the 
quantity of peripheral blood CXCR6+ T cells, suggesting 
that CXCR6 and soluble CXCL16 may participate together 
in the occurrence of NS. Further study is needed to 
confirm the level of involvement of CXCL16 and CXCR6 
in the migration of inflammatory cells to renal lesions. 

In summary, we found that serum CXCL16 is increased 
in patients with active NS and is correlated with blood 
lipids, 24-hour urine protein and immune and inflamma- 
tion responses, suggesting that CXCL16 may serve as a 
useful index or biomarker for disease activity in children 
with nephrotic syndrome. 

Competing interests 

The authors declare that they have no competing interests. 
Autliors' contributions 

Study concept and design: SS. Acquisition of data: QL, JZ. Analysis and 
interpretation of data: QL, JZ. Drafting of the manuscript: JZ, QL, SS. Critical 
revision of the manuscript for important intellectual content: SS. Statistical 
analysis: YZ, JZ. Administrative, technical, or material support: JZ, QL YZ, XY, LW, 
AZ. Study supervision: SS. All authors read and approved the final manuscript. 

Acl<nowledgments 

This study was supported by the Natural Science Foundation of Shandong 
Province (No. ZR2010HIV1110, No.ZR201 1 HIV1083). 

Autlior details 

'School of Medicine, Shandong University, Jinan, China. ^Department of 
Pediatric Nephrology and Rheumatism and Immunology, Provincial Hospital 
Affiliated to Shandong University, Jinan, China. ^Department of Pathology, 
Shandong University School of Medicine, Jinan, China. ''Department of 
Pediatric Nephrology, Provincial Hospital Affiliated to Shandong University, 
Jingwu Road 324, Jinan 250021, China. 

Received: 8 December 2013 Accepted: 15 January 2014 
Published: 24 January 201 4 

References 

1. Dou X, Hu H, Ju Y, Liu Y, Kang K, Zhou S, Chen W: Concurrent nephrotic 
syndrome and acute renal failure caused by chronic lymphocytic leukemia 
(CLL): a case report and literature review. Diagn Pathol 201 1 , 6:99. 

2. Ferreira RD, Custodio FB, Guimaraes CS, Correa RR, Reis MA: Collagencfibrotic 
glomerulopathy: three case reports in Brazil. Diagn Pathol 2009, 4:33. 

3. Chana RS, Wheeler DC: Fibronectin augments monocyte adhesion to low- 
density lipoprotein-stimulated mesangial cells. Kidney Int 1 999, 55:1 79-1 88. 

4. Struyf S, Proost P, Van Damme J: Regulation of the immune response by 
the interaction of chemokines and proteases. Adv Immunol 2003, 81:1-44. 

5. IVlatloubian M, David A, Engel S, Ryan JE, Cyster JG: A transmembrane CXC 
chemokine is a ligand for HIV-coreceptor Bonzo. Nat Immunol 2000, 
1:298-304. 

6. Wilbanks A, Zondio SC, Murphy K, Mak S, Soler D, Langdon P, Andrew DP, 
Wu L Briskin M: Expression cloning of the STRLSS/BONZO/TYMSTRIigand 
reveals elements of CC, CXC, and CX3C chemokines. J Immunol 2001, 

166:5145-5154 



7. Abel S, Hundhausen C, Mentlein R, Schulte A, Berkhout TA, Broadway N, 
Hartmann D, Sedlacek R, Dietrich S, Muetze B, Schuster B, Kallen KJ, Saftig 
P, Rose-John S, Ludwig A: The transmembrane CXC-chemokine ligand 
16 is induced by IFN-gamma and TNF-alpha and shed by the activity 
of the disintegrin-like metalloproteinase ADAMIO. J Immunol 2004, 
172:6362-6372. 

8. Gough PJ, Carton KJ, Wille PT Rychlewski M, Dempsey PJ, Raines FW: A 
disintegrin and metalloproteinase 10-mediated cleavage and shedding 
regulates the cell surface expression of CXC chemokine ligand 16. 

J Immunol 2004 172:3678-3685. 

9. Ludwig A, Hundhausen C, Lambert MH, Broadway N, Andrews RC, Bickett DM, 
Leesnitzer MA, Becherer JD: IVIetalloproteinase inhibitors for the disintegrin- 
like metalloproteinases ADAIV110 and ADAIV117 that differentially block con- 
stitutive and phorbol ester-inducible shedding of cell surface molecules. 
Comb Chem High Throughput Screen 2005, 8:161-171. 

10. Wagsater D, Olofsson PS, Norgren L, Stenberg B, Sirsjo A: The chemokine 
and scavenger receptor CXCL16/SR-PS0X is expressed in human 
vascular smooth muscle cells and is induced by interferon gamma. 
Biochem Blophys Res Commun 2004 325:1 187-1 193. 

1 1 . Lundberg GA, Kellin A, Samnegard A, Lundman P, Tornvall P, Dimmeler S, 
Zeiher AM, Hamsten A, Hansson GK, Friksson P: Severity of coronary artery 
stenosis is associated with a polymorphism in the CXCL16/SR-PS0X 
gene. J Intern Med 2005, 257:41 5-422. 

12. Lehrke M, Millington SC, Lefterova M, Cumaranatunge RG, Szapary P, 
Wilensky R, Rader DJ, Lazar IVIA, Reilly MP: CXCL16 is a marker of 
inflammation, atherosclerosis, and acute coronary syndromes in humans. 
J Am Coll Cardiol 2007, 49:442-449. 

13. Garcia GF, Truong LD, Li P, Zhang P, Johnson RJ, Wilson CB, Feng L 
Inhibition of CXCL16 attenuates inflammatory and progressive phases of 
anti-glomerular basement membrane antibody-associated glomerulo- 
nephritis. Am J Pathol 2007, 170:1485-1496. 

14. Gutwein P, Abdel-Bakky MS, Doberstein K, Schramme A, Beckmann J, Schaefer 
L Amann K, Doller A, Kampfer-Kolb N, Abdel-Aziz AA, El Sayed FSM, Pfeilschifter 
J: CXCL16 and oxLDL are induced in the onset of diabetic nephropathy. 

J Cell IVIol Med 2009, 1 3:3809-3825. 

15. Okamura DM, Lopez-Guisa JIVl, Koelsch K, Collins S, Fddy AA: Atherogenic 
scavenger receptor modulation in the tubulointerstitium in response to 
chronic renal injury. Am J Physiol Renal Physiol 2007, 293:F575-F585. 

1 6. Wu J, Xie C, Wang HW, Zhou XJ, Schwartz N, Calixto S, Mackay M, Aranow 
C, Putterman C, Mohan C: Elevated urinary VCAM-I, P-selectin, soluble 
TNF receptor-1, and CXC chemokine ligand 16 in multiple murine lupus 
strains and human lupus nephritis. J Immunol 2007, 1 79:7166-7175. 

1 7. Lee HS Oxidized LDL, glomerular mesangial cells and collagen. Diabetes Res 
O/n Prod- 1999, 45:1 17-122. 

1 8. Lee HS Jeong JY Kim BC Kim YS Zhang YZ Chung HK Dietary antioxidant 
inhibits lipoprotein oxidation and renal injury in experimental focal 
segmental glomerulosclerosis. Kidney Int 1997, 51:1 151-1 1 59. 

19. Joles JA, Kunter U, Janssen U, Kriz W, Rabelink TJ, Koomans HA, Floege J: 
Early mechanisms of renal injury in hypercholesterolemic or 
hypertriglyceridemic rats. J Am Soc Nephrol 2000, 1 1 :669-683. 

20. Ruan XZ, Varghese Z, Moorhead JF: An update on the lipid nephrotoxicity 
hypothesis. Nat Rev Nephrol 2009, 5:713-721. 

21 . Ruan XZ Moorhead JF, Tao JL Ma KU Wheeler DC Powis SH, Varghese Z: 
IVlechanisms of dysregulation of low-density lipoprotein receptor 
expression in vascular smooth muscle cells by inflammatory cytokines. 
Arterloscler Thromb Vase Biol 2006, 26:1 150-1 155. 

22. Cases A, Coll F: Dyslipidemia and the progression of renal disease in 
chronic renal failure patients. Kidney Int SuppI 2005, 99:S87-S93. 

23. Bussolati B, Deregibus IVIC, Fonsato V, Doublier S, Spatola T, Procida S, 
Di Carlo F, Camussi G: Statins prevent oxidized LDL-induced injury of 
glomerular podocytes by activating the phosphatidylinositol 3-kinase/ 
AKT-signaling pathway. J /\m 5oc Nephrol 2005, 16:1936-1947. 

24. Xia Y, Entman ML Wang Y: Critical role of CXCL16 in hypertensive kidney 
injury and fibrosis. Hypertension 2013, 62(6):1 129-1 137. 

25. Schramme A, Abdel-Bakky MS, Kampfer-Kolb N, Pfeilschifter J, Gutwein P: 
The role of CXCL16 and its processing metalloproteinases ADAMIO and 
ADAM17 in the proliferation and migration of human mesangial cells. 
Biochem Blophys Res Commun 2008, 370:31 1-316. 

26. Gutwein P, Abdel-Bakky MS, Schramme A, Doberstein K Kampfer-Kolb N, 
Amann K Mauser lA, Obermuller N, Bartel C, Abdel-Aziz AA, El Sayed ESM, 
Pfeilschifter J: CXCL16 is expressed in podocytes and acts as a scavenger 



Zhen et al. Diagnostic Patliology 2014, 9:23 
http://www.diagnosticpathology.0rg/content/9/l/23 



Page 8 of 8 



receptor for oxidized low-density lipoprotein. Am J Pathol 2009, 
174:2061-2072. 

27. Shalhoub RJ: Pathogenesis of lipoid nephrosis: a disorder of T-cell function. 

Lancet 1974, 2:556-560. 

28. Schramme A, Abdel-Bakky MS, Gutwein P, Obermuller N, Baer PC, Hauser lA, 
Ludwig A, Gauer S, Schafer L, Sobkowiak E, Altevogt P, Kozioiek M, Kiss E, 
Grone HJ, Tikkanen R, Goren I, Radeke H, Pfeilschifter J: Characterization of 
CXCL16 and ADAMIO in the normal and transplanted kidney. Kidney Int 
2008, 74:328-338. 

29. Gaida MM, Gunther F, Wagner C, Friess H, Giese NA, Schmidt J, Hansch GM, 
Wente MN: Expression of the CXCR6 on polymorphonuclear neutrophils 
in pancreatic carcinoma and in acute, localized bacterial infections. 

Clin Exp Immunol 2008, 154:216-223. 

30. Yamauchi R, Tanaka M, Kume N, Minami M, Kawamoto T, Togi K, Shimaoka T, 
Takahashi S, Yamaguchi J, Nishina T, Kitaichi M, Komeda M, Manabe T, 
Yonehara S, Kita T: Upregulation of SR-PS0X/CXCL16 and recruitment of 
CD8+ T cells in cardiac valves during inflammatory valvular heart disease. 
Arteriosder Thromb Vase Biol 2004 24:282-287. 

31. Heydtmann M, Lalor PF, Eksteen J A, Hubscher SG, Briskin M, Adams DH: 
CXC chemokine ligand 16 promotes integrin-mediated adhesion of 
liver-infiltrating lymphocytes to cholangiocytes and hepatocytes within 
the inflamed human liver. J /mmuno/ 2005, 174:1055-1062. 

32. Sato T, Thorlacius H, Johnston B, Staton TL, Xiang W, Littman DR, Butcher EC: 
Role for CXCR6 in recruitment of activated CD8+ lymphocytes to inflamed 
liver. J Immunol 2005, 1 74:277-283. 

33. Nanki T, Shimaoka T, Hayashida K, Taniguchi K, Yonehara S, Miyasaka N: 
Pathogenic role of the CXCL16-CXCR6 pathway in rheumatoid arthritis. 
Arthritis Rheum 2005, 52:3004-3014. 

34. van der Voort R, van Lieshout AW, Toonen LW, Sloetjes AW, van den Berg WB, 
Figdor CG, Radstake TR, Adema GJ: Elevated CXCL1 6 expression by synovial 
macrophages recruits memory T cells into rheumatoid joints. Arthritis Rheum 
2005, 52:1381-1391. 



doi:l 0.1 1 86/1 746-1 596-9-23 

Cite this article as: Zhen et al: Increased serum CXCL16 is highly 
correlated with blood lipids, urine protein and immune reaction in 
children with active nephrotic syndrome. Diagnostic Pathology 2014 9:23. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at \ rant,,\ 

www.biomedcentral.com/submit Biomea central 



